Changes in the resistance of cells of Escherichia coli B/r Hcr+ thy-trp-to ultraviolet radiation were investigated after the following pretreatments: (i) amino acid starvation which, according to previous conclusions, enabled the cells to complete replication cycles of deoxyribonucleic acid (DNA); (ii) amino acid starvation during which the synthesis of DNA was arrested by the addition of 50 ,ug of cytidine per ml. The results showed that the enhancement of resistance observed after amino acid prestarvation was in correlation with the amount of DNA which was synthesized during the amino acidless period. The enhancement of resistance can be abolished by the addition of the riboside at any phase of the starvation period. This shows that the enhancement of resistance was not a consequence of the total inhibition of metabolism but of unbalanced growth which evoked the completion of replication cycles of DNA.
The resistance of bacterial cells to radiation can be distinctly enhanced by a preceding starvation for amino acids. It was demonstrated that this treatment enhanced resistance to ultraviolet (UV) radiation (5) and X radiation (2) in cells possessing enzymes involved in deoxyribonucleic acid (DNA) repair. Amino acid prestarvation did not enhance radiation resistance in cells lacking the repair mechanism. This was demonstrated by using the double-mutant strain, Escherichia coli Bs-1 (3, 6) .
One of the consequences of amino acid prestarvation is known to be completion of replication cycles of DNA (7, 8) . It was postulated that the resting cells with completed replication cycles of DNA were more resistant because the restoration processes in such cells were more efficient than in a logarithmically growing culture (1, 5) . As the completion of replication cycles of DNA was not the only effect of amino acid starvation, it was interesting to study the properties of cells in which DNA synthesis was inhibited during the period without amino acid.
Freifelder (4) showed that DNA synthesis was inhibited immediately after the addition of ribosides to the culture of E. coli B/r thy-even in the presence of low thymine concentration (0.1 ,ug/ml). This thymine-riboside antagonism was 16 well expressed in the double mutant, E. coli B/r thy-trp-. We found that the addition of ribosides to the culture of this strain inhibited DNA synthesis immediately, even when the thymine concentration was 2 gg/ml.
In our experiments, we studied the changes of UV resistance combining the amino acid pretreatment with inhibition of DNA synthesis. The results showed that enhancement of resistance after amino acid prestarvation was not pronounced when the synthesis of DNA was inhibited. This indicates that the enhancement of resistance during amino acid prestarvation was due to the completion of replication cycles of DNA rather than to the total inhibition of metabolism.
MATERIALS AND METHODS
Bacterial strain and growth. E. coli B/r Hcrl dependent on thymine and tryptophan was used. Bacteria were cultivated in the synthetic glucose medium which was described previously (11) . The medium was supplemented with thymine (2 mg/ml) and tryptophan (14 Estimation of DNA, nbonucleic acid (RNA), and protein synthesis. Synthesis of macromolecules was followed by incorporation of thymine-2-14C, uracil-2-14C, and "4C-leucine. A detailed procedure for the preparation of the acid-insoluble fraction was described previously (10) . Radioactivity in the acid-insoluble fraction was measured in toluene scintillation liquid in a TriCarb 3375 liquid scintillation counter (Packard Instrument Co.).
RESULTS
In the first experiments, the influence of cytidine on the growth and viability of cells was studied. It is obvious (Fig. 1 cells in the liquid medium was influenced less than the colony-forming ability (Fig. 2) . During the first hours after the addition of the riboside, the cells continued to grow, but the gradual loss of viability appeared. When the amino acids were removed simultaneously with the addition of the riboside, the growth and the death of cells were completely inhibited.
In further experiments, the effect of ribosides on DNA synthesis was studied. It appeared that the synthesis of DNA was significantly inhibited by the pyrimidine ribosides, uridine and cytidine, and to a lower extent by adenosine and guanosine. The data (Fig. 3) demonstrate the inhibition of DNA synthesis in the presence of various concentrations of cytidine. The immediate inhibition effect of the riboside is obvious, and it persists proportionally to the amount of the riboside added. When the higher concentration of cytidine was employed, the inhibition became irreversible.
The effect of cytidine on the synthesis of DNA, RNA, and proteins in the logarithmically growing culture and in the culture starving for the essential amino acid is shown in Fig. 4 to 6. It is obvious that cytidine at a concentration of 50 ug/ml did not primarily influence the synthesis of RNA and proteins ( Fig. 5 and 6 to 60 min under these conditions, and it was permanently inhibited when tryptophan was removed simultaneously with the addition of the riboside (Fig. 4) .
In the last experiments, the cytidine was added after various periods of amino acid prestarvation, and both the DNA synthesis and UV resistance were followed. As demonstrated (Fig. 7 and  8 ), the increase of survivors observed during the amino acid prestarvation was in correlation with the increment of DNA during the amino acidless period.
DISCUSSION
Freifelder (4) showed that the ribosides can inhibit the utilization of a trace amount of thy- mine in E. coli B/r thy-. He postulated that thymine present in pools might be converted to ribosylthymine by a mechanism previously described (9) . This would prevent the conversion of thymine to thymidine and its utilization for DNA synthesis. In our experiments, we found that the ribosides could inhibit synthesis of DNA in cells of E. coli B/r thy-trp-even in the presence of 2 ,ug of thymine per ml. The immediate inhibition of DNA synthesis and its control by measuring the incorporation of labeled thymine are advantageous.
It has been known that amino acid starvation brings about inhibition of protein and RNA synthesis. However, it enables the cells to synthesize DNA to an extent corresponding to that necessary for completion of the replication cycles (7, 8) . It was repeatedly demonstrated that the cells were more resistant to UV and X radiation under such circumstances.
Our experiments showed that enhancement of the resistance observed after amino acid prestarvation depends directly on the DNA synthesis and that it can be stopped by the addition of the riboside at any phase of amino acid prestarvation. Fig. 7 and 8 demonstrate a good correlation between the increase of resistance and the increment of DNA synthesized during the amino acidless period. Since the amino acidless-riboside+ pretreatment which inhibits all three types of macromolecular synthesis does not enhance UV resistance, it seems to us that the enhancement of resistance observed after amino acid pretreatment was a consequence of such unbalanced growth which enabled the cells to complete the replication cycles of DNA.
The study of the influence of riboside pretreatment on the DNA repair process is in progress. The synthesis of DNA was determined by incorporation of thymidine-2-14C. The suspension of cells was divided into five portions: control, no cytidine; AAstarvation, no cytidine; AA-starvation, 50 jig of cytidine added per ml at 0 min; AA -starvation, 50 tsg of cytidine added per ml at 20 min; AA -starvation, 50 .sg of cytidine added per ml at 40 min. To each sample, 0.05 uCi of thymine-2-'4C per ml was added.
